Introduction
Considerable attention is being given to the development of a green economy and the creation of -green jobs‖. At the global and national levels, this attention has been prompted by growing concerns about climate change and the projected inability of the world economies to sustain into the future the growth rates that they have enjoyed in the past without irreversible environmental consequences. Many countries are committed to fostering the development of a green economy, that is, a clean and energyefficient economy. Administrations of several countries see investing in a green economy as a way of helping their economies to recover. The OECD, for example, asserts that the -financial and economic crisis creates room for public policies aimed at encouraging recovery and renewed growth on more environmentally and socially sustainable grounds.‖ 1 Countries, such as the United States, included the development of new energy-saving technologies and other green activities as major components of their stimulus packages to help pull their economies out of the Great Recession. In the longer run, net oilconsuming countries perceive the emphasis on a green economy as a way of balancing trade accounts through reducing oil imports and thus reducing the flow of domestic wealth to other countries.
At the local level, states, territorial, and metropolitan areas see an opportunity to stimulate their economies by capitalizing on the green wave of innovation, and new product and service development. For example, the State of Michigan in the U.S. sees the new green economy as providing a -dynamic opportunity to rebuild the state's job base, attract new investment, and diversify the state's economy.‖ 2 The State of Maine considers the greening of its economy as a -necessary progression and an opportunity for renewed economic growth by increasing business productivity, improving its energy efficiency and lowering the cost of heating and cooling its buildings.‖ 3 Similar strategies are being pursued in places in other countries.
Why the need to define a green economy and -green jobs‖? The ILO warns that -the transformation will have profound impacts on the way we produce, consume and earn a living in all countries and sectors. …It will be a second great transformation, on the scale of the industrial revolution.‖ 4 Furthermore, the ILO asserts that this transformation needs to occur quickly and comprehensively, involving millions of enterprises and workers who must contribute to drastically improving energy efficiency and shifting to clean sources of energy in order to avoid irreversible and dangerous climate change effects on economies and societies. These shifts will cause major structural changes in economies and labour markets. 5 This raises a series of questions for businesses, workers, and policy makers at all levelsinternationally, nationally, and locally.
 What does a shift to a low-carbon economy mean for jobs and skills?
 In which sectors are jobs likely to be created and destroyed?
 Does moving to a low-carbon economy necessarily mean lower productivity, lower wages, and slower economic and job growth?
 Or is the green economy the next wave of growth and innovation that will stimulate growth at the local and national levels, raising overall standard of living?
 What are the skills and technology needed to accommodate growth in the green economy?
To begin to find answers to these questions, one must define a green economy and green jobs. Furthermore, recognizing that at present what might be considered green sectors and jobs make up only a small portion of the economy, it is also important to understand how the green economy relates to the rest of the economy and how it may evolve over time. First, identifying sectors of the economy that conserve energy and reduce pollution is important for understanding the extent to which the economy has started the transformation. And consequently, how much further it needs to go to mitigate and eventually reverse the adverse effects on the environment. Most studies show the green economy to comprise no more than 5% of the entire national economy. For the U.S., the green economy's share is 1% to 2%. 6 Therefore, its relatively small size suggests that the green economy is in a position to grow quickly but its small size also serves as a warning that the transformation is in its infancy and much more has to be done in order to avoid the dire consequences feared if the growth in carbon consumption is not abated.
However, defining a green economy is only the first step in understanding the benefits and consequences of pursuing low carbon and clean energy growth. The next step is to understand the market forces and impacts of government programmes and policies that can drive the economy toward those goals. Most experts contend that market forces alone, particularly because of the relative abundance of carbonbased energy sources now and into the near future, will not move the economy toward lower carbon emissions quickly enough to avoid environmental consequences related to greenhouse gases. 7 Incentives such as carbon taxes and government-funded research and development and infrastructure investment are required. These incentives must be long term and of sufficient magnitude to affect consumer demand and production technologies. A developed economy is complex with its myriad interactions among consumers and producers, and the market forces that drive consumption and production decisions are not always easily understood as the countless combinations of transactions respond to price differentials and other incentives. Interactions between government policies to reduce carbon emissions can also be complex. 8 While an analysis of market forces and policy effects is beyond the scope of this paper, the paper does offer a conceptual framework that provides a basis for recognizing the complex interactions between sectors when considering the economic effects of transforming an economy. Some studies, which attempt to define a green economy and estimate its size relative to the rest of the economy, may unintentionally leave the impression that identifying green industries and encouraging investment in them is enough to move the economy toward a greener future. Studies that identify green businesses and products may also tempt policy makers to target certain industries as growth potentials simply because they have been labelled as green. The potential for green activities to contribute to future growth is real, but simply because a sector is considered green today does not necessarily mean that it will be a growth sector into the future. Furthermore, most studies offer little insight into the importance of green sector activities in contributing to a greener economy.
The purpose of this paper is fivefold. First, it presents a simple framework that emphasizes the complex nature of a developed economy and how one needs to appreciate and understand the interactions among the various sectors in order to recognise the benefits and consequences of the transformation toward a low carbon and clean energy economy. Second, the paper offers an example of a study that takes into account the interactions of the various sectors in estimating the employment effects of moving toward a clean energy economy. Third, several studies using different methodologies are highlighted that provide estimates of the size of the green economy and its growth during this decade. Fourth, an example of addressing the skill needs of a green economy is described briefly. Finally, a list of tools that can be useful in addressing the questions listed above is provided.
Conceptual Framework for Defining a Green Economy
There is no one official definition of green industries or of -green jobs‖. Many organisations have developed their own definitions. Although the exact definition of green varies across organisations, there are more similarities than differences in what constitutes a green economy. 9 A common theme is to conserve energy and other natural resources and reduce pollution. Most of the studies attempt to identify products and services that meet one of several criteria of a green economy. For products and services, most definitions include:
1. Environmentally friendly and enhancing products and services 2. Renewable energy products and services 3. Clean transportation and fuels 4. Green buildings Some definitions also include the processes by which these products and services are produced. These include:
1. Energy efficient manufacturing, distribution, and construction 2. Reduction of energy, materials, and water consumption through high efficiency strategies 3. Switch from carbon to non-carbon components. The conceptual framework, displayed in Figure 1 above, shows the relationship between products and services and the processes used to produce them. Businesses produce products and services by combining inputs such as labour, capital, energy, and intermediate products. These inputs are combined using specific technologies, which are developed through design and engineering services. These inputs are obtained to various extents from other organisations, constituting a business's supply chain. Energy is obtained from public utilities producing electricity or providing natural gas for manufacturing processes or to heat buildings. Capital, the equipment used to produce the products and the buildings used to house the production processes, is typically obtained from other firms in other sectors of the economy. Intermediate products, such as computer components or parts for automobiles, are most likely produced by other organisations and assembled at the final stage of production. Research and development (R&D) can also be provided by other firms as well as be provided internally by the business producing the final product. While the description of the -production‖ process appears to be more germane to the products, it can also be applied to services. For all services and products, the relative amount of each input depends upon the particular product or service. Obviously, the production of an automobile is less labour intensive and more energy intensive than the provision of medical services within a hospital setting.
The bringing together of inputs to produce goods and services and then distributing the final output to consumers is the result of a complex array of interactions between numerous businesses and consumers. Recognizing the often complex relationship between products/services and the inputs required to produce them raises several issues with defining green economy. 10 First, considering the function of an end-use product or service alone may not be sufficient in determining whether it contributes to criteria that describe a green economy. It is also important to consider the chain of products and processes that lead to the production of that final end-use product. A product may be considered green, but the inputs used to produce that product may or may not be green. These inputs could be sufficiently large as to negate the -green‖ aspect of the final product. Moreover, that green product (or service) could also be used in the production of a product (or service) that is not green. In that case, it is still conceivable that the use of a -green‖ input could offset the -non-green-ness‖ of the final product. For instance, hybrid automobiles are listed as a green product by many organisations. While the energy efficiency of driving a hybrid may be greater, one must also take into consideration the energy consumption and potential pollution of producing and eventually disposing of the battery that is central to a hybrid's power source. The same consideration needs to be given to the emerging fuel cell technology. Similar examples can be found when considering the environmental consequences of generating electricity using biomass or the potential hazardous waste issue surrounding nuclear power.
Second, since many inputs are produced by other businesses located in other places, one must also take transportation costs into consideration when identifying the products and services that constitute a green economy. The transportation of oil from distant parts of the globe to intensive-energy consuming countries is an obvious example of using energy to deliver energy, and illustrates the possible l dire environmental consequences when something goes awry.
Third, it is apparent from the conceptual framework that the variation across products and services in the use of inputs and the technologies available in transforming inputs into products and services determines to a large extent the potential for a product/service sector to contribute to the objective of reducing greenhouse gases and provide for a more sustainable economic growth path. However, considering each product or service separately, without understanding their linkages to other products/services, provides only a partial view, if any, of its contribution to promoting a greener economy. Even if one has determined that a particular sector comprises a significant share of a green economy, it is not possible to determine from that information alone whether it contributes proportionately to a cleaner economy. Furthermore, it is not possible to determine the potential contribution of its future growth on a greener economy. For instance, the U.S. Department of Commerce has estimated that services comprise 77% of the green portion of the U.S. economy, as measured either by shipments/receipts or employment. However, this information on the size of the service sector does not necessarily indicate that the service sector has the largest potential impact on the objectives of a green economy and thus should be targeted for future investment. Only by examining the energy consumption and other green criteria of the service sector can one assess the potential green benefits of that sector's future growth and the merits of targeting it for investment.
Fourth, sectors designated as green do not necessarily contribute equally to a cleaner economy, such as conserving energy and reducing pollution. Furthermore, studies that define a green economy give us no clue as to their contribution to these goals, since they do not link the green-designated sectors to any information about energy conservation or other green economy characteristics. 11 For example, one sector that is included in the U.S. Department of Commerce definition of a green economy is -tire servicing.‖ The rationale is that activities that inflate and balance tires improve mileage and reduce energy use. It is known that increasing tire pressure will increase gas mileage. But how much does the tire-servicing sector actually contribute to better fuel efficiency? No attempt is made to understand the green economy's effect in moving the entire economy to one that is cleaner and more energy and resource efficient. 12 Fifth, since most definitions are based on specific products or specific businesses, the designation of a green product is not distinct. Businesses may produce green products along side non-green products. Or as previously asserted, a business may produce products that are greener alongside products that are not as green, although few studies defining the green economy try to make that distinction. 13 For example, an automobile manufacturer may produce hybrid cars on one assembly line and less fuel-efficient cars on an adjacent assembly line. One production line may be considered a green economy activity whereas the other may not.
The conceptual framework also offers insight into how changes in different inputs could affect output and in turn how reallocation of products and services could affect inputs, such as the demand for energy and for labour. For example, suppose that the production of a product primarily uses electricity as its energy source. Further suppose that a greater percentage of electric power sent to this plant is generated from wind power. The type of energy remains the sameelectricityso the plant does not have to alter its technology or capital to use it. However, wind power generation of electricity is more expensive than coal-fired generation. The price of electricity to the plant increases, which increases the cost of production. Without any other productivity-enhancing measures available to the plant management, the cost of the product produced must also increase. This price increase could lower demand, which in turn lowers the demand for labour. Adding more expensive but -green‖ wind-power generation to the electric grid changes relative prices, resulting in a reallocation of labour and the demand for products across sectors. Other scenarios are possible, of course. Another could be that the plant decides to adopt a technology that uses biomass, which promises to meet the same energy needs at the same price as current electric rates. But to use this new source of energy, the plant needs to invest in new capital and technology. That increases the demand for sectors that offer this new technology, increasing the labour demand in that sector producing the new equipment. Since the cost of energy is the same and assuming that the new capital investment in biomass would cost the same as replacing capital with the existing technology, there would be little effect on the demand for labour by the company changing to biomass as the energy source.
Estimating the Employment Effects of Greening the Economy
The conceptual framework outlined above highlights the need to understand the production relationships between inputs and outputs in defining the green economy and the effect of investment in the green economy on other sectors of the economy. A recent study by the U.S. Department of Energy illustrates how a framework similar to the one described in the previous section can be used to assess the impact of reducing carbon use on employment. In a report to the U.S. Congress, the Department of Energy assessed the effects of a transition to a clean energy economy on employment in the United States. The study estimated the impacts of a transformation of the U.S. economy to the use of hydrogen between 2020 and 2050. This study is included in this overview of measuring the green economy for several reasons. First, it addresses the issue that is at the core of the interest in a green economy-a more energy efficient, less carbon-dependent, and more sustainable economy-by projecting several likely scenarios with respect to carbon reduction and employment change. Second, from a methodological perspective, the study follows the conceptual framework outlined in this paper and uses an input-output approach to assess the impact of carbon use on the entire U.S. economy. Third, it also attempts to assess the worker displacement and the change in skill needs due to a transformation toward a low-carbon based economy.
Central to the methodology is the use of IMPLAN, which is an input-output model, based on the most recent input-output tables produced by the U.S. government. An input-output model represents the interdependencies between sectors of the economy. For industrial sectors it shows the input requirements of producing a unit of a particular product. Furthermore, it shows how the output of one industry is the input of another and thus illustrates how dependent each industry is on all others in the economy both as consumers and producers. As mentioned in a previous section, an input-output approach is critical for understanding the impact on the economy, as well as for understanding the value chain relationships of end-use green products.
The study considers two scenarios of implementation of a hydrogen-based economy. The first, more aggressive case, assumes the success of the President's goal of saving 11 million barrels of oil per day by 2040, as laid out in the administration's Hydrogen Fuel Initiative (HFI). 14 The second, less aggressive scenario, follows the U.S. Department of Energy's analysis supporting its 2007 programme, which has a less ambitious goal. For example, under the HFI the penetration of the light-duty vehicle stock with hydrogen powered vehicles by 2050 is 96%; for the less aggressive case, the penetration is 38%.
The net effect on U.S. employment, according to the study, is a slight increase from 2005 to 2020, by 0.13% under the HFI scenario and by 0.04% under the less aggressive scenario. More dramatic and interesting is the economic restructuring brought about by the adoption of hydrogen-based energy. Growth of jobs in the production of hydrogen vehicles and other hydrogen-using equipment will be offset by job declines in traditional industries. In all, job gains total 252 040 while job losses amount to 69 200. Under HFI, the net employment effect is 182 840, which is a 0.13% increase from the base period of 2005. By 2050, job gains total 751 060 (0.41% of 2005 employment) and job losses are 76 560 (0.04% of 2005 employment).
Employment effects differ across regions, according to the study. The upper Midwest, even though it is the centre of automobile manufacturing, is projected to have a slight net increase in employment. Total automobile manufacturing jobs are not expected to be affected by the switch to hydrogen power, since overall labour productivity is expected to remain unchanged. However, the shift to hydrogen will promote employment gains as the region shifts from the import of gasoline from other states to the production of hydrogen within the region. Under the HFI scenario, job losses will be minimal at 4 000 in 2050 scattered across 14 sectors. Jobs created will total 110 000 and will be distributed across 41 sectors. The total net employment is 104 000, or 0.44% of the region's base-case employment in 2050. Job creation in the region ends up being slightly higher than the nation's.
Other regions highlighted in the study are also expected to grow, but at different rates. All regions will gain some jobs, but the largest differences among regions are the different industries that contribute to job gains and losses. According to the study, Houston and California will gain the most from additional jobs in professional and technology services; the lower New England and upper Mid-Atlantic States will gain the most from the production and delivery of hydrogen; and the upper Midwest's modest gains are spread evenly across a wide range of industries. 15
Studies that estimate the size of the Green Economy
In the past several years, there has been considerable interest in estimating the size of the green economy and monitoring and projecting its growth. Various country studies have been conducted, and within certain countries, particularly the U.S., studies have focused on state and local areas as well. Criteria for identifying green activities and methodologies for estimating the size of the green economy vary somewhat, yielding different estimates. This section presents three studies, which use similar approaches but which differ enough in their methodologies, to offer different estimates of the size of the green economy in the same country and region. Specifically, these studies estimate the size of the green economy in the U.S. and in the state of Michigan.
U.S. Department of Commerce
The U.S. Department of Commerce released a report in early 2010 that measures the green economy. Their approach is to identify and assess green products and services based on the administration's energy conservation and environmental goals. They define green products and services as those whose predominant function serves one or both of the following goals:
 Conserve Energy and Other Natural Resources, which includes products or services that conserve energy to reduce fossil fuel use and promote water, raw material, land, and species and ecosystem conservation; or  Reduce Pollution, which includes products or services that provide clean energy or prevent, treat, reduce, control or measure environmental damage to air, water and soil. The remediation, abatement, removal, transportation, or storage of waste and contaminants also are considered to reduce pollution. 16 The study used the 2007 Economic Census, which measures business activity based on responses from more than 4.7 million companies. Using the six-digit North American Industry Classification System (NAICS), businesses are classified primarily as manufacturing or services industries. The data are further disaggregated into individual eight-digit product/service codes. While the Economic Census is the broadest and most detailed measure of the private sector, it has limitations. First, it includes only the private sector. The government sector, which comprises nearly 13% of GDP, is not included. Second, product codes were not designed to identify the environmental impact of products or services, rendering it impossible to determine the extent to which a green product actually contributes to the goals of a green economy. Third, the study identified a product as green based on its usage, not the production process by which is was produced or the environmental consequences associated with its use or disposal. Fourth, the product codes do not differentiate among similar products produced using different techniques, some which may conserve energy and others that may not. 17 Fifth, while the product codes were quite narrow in scope, some of the product codes identified as green included a share of non-green products and services. It was impossible to determine the share of green products within a product code.
The analysts who conducted the study categorised green products and services by five types of green activity: They used two criteria for selection. What they referred to as the narrow definition included only products and services for which the analysts assumed there was wide agreement regarding their classification as green. The broader measure included products and services in which their green status was more open to debate. Of the more than 22 000 product and service codes in the 2007 Economic Census, the study identified 407 product and service codes as green under the narrow definition, and 732 codes under the broader criteria.
Once a product code was identified as green, the next step was to compute the employment related to that green product. The computation of employment was complicated by the lack of employment information at the detailed eight-digit product code level. The most detailed accounting of employment is at the six-digit NAICS level. To impute employment within green product codes, the analysts assumed that the green products' share of employment in each six-digit NAICS industry is the same as their share of shipments/receipts within that NAICS industry. Applying the share to the employment of the specific sixdigit NAICS industry yields the employment associated with the green products within that NAICS industry. Adding up the imputed employment levels of green products within all six-digit NAICS industries yields total employment in the green economy. Table 1 displays the value of shipments/receipts and the level of employment for the U.S. green economy, as estimated by the Commerce study. The estimates are divided into four sectors: agriculture, construction, manufacturing and services. Under the narrow definition, the value of products designated as green accounts for 1.3% of the U.S. economy; under the broader definition the percentage increases to 1.8%. The green economy's share of employment is 1.5% under the narrow definition and 2.0% under the broader definition. The service sector accounts for the largest share of the green economy, whereas the construction sector includes the largest concentration of green products and services (as much as 4.1% of employment under the broader definition). It is apparent from looking at the relative shares of shipments and employment that the share of shipments/receipts per worker is lower in the green economy than in the rest of the economy. If worker pay is related to shipment per worker, green workers receive less than non-green workers. The study shows that for services, the green worker pay is between 85 and 90% of non-green worker pay; whereas manufacturing worker pay is about the same between the green and non-green sectors.
Pew Charitable Trusts Study
Another study that estimates the size of the green economy in the U.S., both in terms of shipments/receipts and employment, was commissioned by the Pew Charitable Trusts. Pew developed the following definition of a green economy, referred to in their study as a clean energy economy.
According to the study, a clean energy economy generates jobs, business and investments while expanding clean energy production, increasing energy efficiency, reducing greenhouse emissions, waste and pollution, and conserving water and other natural resources. The clean economy cuts across five categories: This study followed a procedure of defining the green economy that was similar to the methodology used by the U.S. Department of Commerce, with one exception. Instead of using individual products and services as the unit of collection, it used individual businesses as the unit of observation. It took a conservative approach by counting only companies that could be verified online as being actively engaged in the clean energy economy. However, using businesses instead of products may over estimate the size of the green economy if businesses produce a mix of green and non-green products and services. The bias may go the other way if products recorded in the eight-digit product codes are broader than the products that businesses produce, and the mix of green and non-products in any given product code is greater than within a business. Another difference was that the Pew Study, by using individual businesses as the basis of their estimates, was able to provide estimates of the green economy for each state. One important similarity between the two studies was the focus on the supply of products and services generated by the green economy, not the businesses using these products to make themselves greener.
Based on this methodology, the Pew study estimated that the green economy accounts for 0.5% of the U.S. economy in 2007, or about 770 000 jobs. This estimate is slightly less than half the size that the U.S. Department of Commerce estimated, even using their narrow definition. Many factors could account for the differences in the two estimates: definition of green, the selection of the green products or businesses, the difference between the product and business as the unit of observation. Pew contends that because their analysis focuses on identifying businesses in the clean energy economy and the jobs associated with these specific firms, its count of green jobs is conservative. 19 Yet, regardless of the reasons, the size of the green economy derived from each study is small.
Michigan
The Michigan Department of Energy, Labour and Economic Growth prepared a report that estimates the occupations and employment in the green economy within its state. Other states have prepared their own estimates of their state's green economy, but the Michigan study is worth considering because of its methodology. Unlike the previous two studies, Michigan directly surveyed employers to see who is engaged in green economy activities. The survey was also instrumental in identifying the share of jobs in detailed industries that are related to the green economy. In addition, the survey questions were designed to allow employers to classify their green workers by core green activity, and collected information regarding employer expectations of future employment levels, difficulty in hiring qualified workers, green occupations requiring unique skills, and employee training. 20 The report defines the Michigan green economy as industries that provide products or services related to five core green activities:
1. Producing renewable energy 2. Increasing energy efficiency 3. Clean transportation and fuels 4. Agriculture and natural resource conservation
Pollution prevention and environmental cleanup
The survey asked employers to identify jobs that produce goods or services related to these five activities. The survey instrument included examples of green activities for each of the five categories.
Based on the surveys, the study identified 96,767 direct green jobs and 12,300 support green jobs in Michigan. The direct green jobs account for 3% of the total private jobs and direct and support green jobs combined account for 3.3% of total private employment. 21 Not surprisingly since Michigan's economy is highly dependent upon the transportation industry the core area of clean transportation and fuels comprised the largest share of total direct green jobs, as shown in Table 2 . Table 3 shows that transportation equipment manufacturing has the most direct green jobs and is one of the industries with the largest concentration of green jobs (14.6%). Table 4 shows how the auto industry is linked to many other industries. These industries may or may not be green. In fact the last sector listed in the table-scientific research and development services-is the sector with the second largest number of green jobs in Michigan. Since each industry provides inputs into the manufacturing of transportation equipment, the entire impact of the transportation equipment industry on the green economy goes beyond the concentration of green jobs in that industry (14.6%). Growth in the transportation equipment sector induces growth in all the sectors listed in the table above. Knowing the concentration of green jobs in each sector would provide a better understanding of the impact of the transportation sector on Michigan's green jobs. 22 The Michigan study also provides estimates of green jobs by occupational title, as reported by employers on the survey. As displayed in Table 5 , the dominance of the transportation equipment industry leads to the proportionately large share of industrial engineers. These are considered green jobs since they improve efficiency and energy conservation through their design of more fuel efficient vehicles, and other conservation measures. Between 2006 and 2016, industrial engineers are projected to grow at a higher rate than any of the other green job occupations. The rate is 18.8% over that 10-year period. Industrial engineers are in the category of higher educational attainment. In fact, the Michigan study shows that those occupations requiring higher educational attainment are expected to growth the fastest and also offer the highest compensation. 
Growth of the Green Economy
One reason for defining a green economy is to assess how rapidly an economy is transitioning to a more sustainable economic path, assuming that the products services and businesses that have been identified by these studies reflect the objectives of a green economy. Each of the three studies provides historical trends as well as projections, based on their methodology, but each yields different estimates of green employment growth. The Commerce report compared product codes for manufacturing between the 2002 and 2007 Economic Census. Service sector codes were not comparable between the two years. For manufacturing between 2002 and 2007, the study found that green employment declined by 13 000 under the narrow definition and fell by 12 000 under the broad definition. Overall manufacturing employment declined as well during that period, leaving the share of green manufacturing the same.
The Pew study also showed a decrease in green employment between 2002 and 2007, but for all private sector green employees, not just those in manufacturing. Total green employment dropped by 13 218, or 1.7%, while total private employment during that same period increased 6.1%. The Pew study also showed a slight decrease in green employment for Michigan, from 23 238 in 2002 to 22 674 in 2007. On the other hand, the Michigan study, using a survey approach, estimated an increase of 2 517 greenrelated jobs between 2005 and 2007.
Skills and Occupations in a Green Economy
Transformation to a greener economy will undoubtedly result in the growth of some occupations and the decline of others. Along with this restructuring will be new occupations in the future with skill requirements that are not anticipated today. In order to begin to anticipate the demand for skills in the green economy, it is important to find ways to assess the skill needs and to understand career progressions to meet those demands.
Simply put, there are two types of changes in worker skills brought about by the green economy. The first is the increased demand for occupations with skills that are already associated with that occupation. In this case, an increase in green economy activities and technologies are likely to increase the employment demand for that occupation but will not lead to significant changes in the work or worker requirement. For example, more chemical technicians may be needed to conduct chemical and physical laboratory tests to assist scientists in making qualitative and quantitative assessments of the environment, but the skill sets required for future demand are similar to those today.
The second type of change in worker skills is that associated with a new and emerging occupation. The impact of green economy activities and technologies is sufficient to create the need for unique work and worker requirements, which results in a generation of new occupations. An example for this case is nanotechnology engineering technologist, who implements production processes for nanoscale designs to produce and modify materials, devices, and systems of unique molecular or macromolecular composition. Of course, there are other new and emerging occupations that may be prevalent tomorrow but have not yet been defined today.
The Michigan study offers an example of assessing the occupational demand and skill needs associated with growth in the green economy. That study relied on survey responses from businesses to assess the skill needs and the projected growth in occupations. Some of the results are described in the previous section. The Michigan study also drilled deeper into the requirements of green occupations and the career progression associated with occupations. To do that, they combined the survey results with O*Net, which is an assessment, primarily derived from survey responses, of the critical skills, knowledge, and aptitudes required for a wide range occupations. O*Net records these attributes for existing occupations, so future occupations per se are not covered, even though undoubtedly certain but perhaps not all aspects of current occupations may be transferable to future undefined occupations. By using O*Net, which is a national database sponsored by the U.S. Department of Labour, a more detailed understanding of the requirements of green jobs can be assessed, and curriculum for training institutions and career progressions for workers can be developed.
As another example, the Environmental Defense Fund produced a Green Jobs Guidebook for California, which is intended as a resource for job seekers, students, guidance counsellors, career advisors, and policy makers. It includes job descriptions, salary information, education requirements, potential certifications, employer types, and job market growth potential, among other information. 23
Tools
Not every entity can conduct an analysis of their green economy using the survey approach that Michigan followed. Surveys are expensive and time consuming on everyone's part. Michigan did demonstrate, however, that the information gleaned from a survey is quite valuable in accounting for green activities and green jobs, perhaps better than other approaches. Certainly the estimates of green jobs are much higher using the survey technique compared with the other approaches using standard data sources and -expert‖ (not employer) opinion of whether green activities are taking place in narrow product codes or at each business.
Yet, as the Michigan study demonstrated, surveys do not provide all the information needed to assess skill requirements for green jobs, nor do they offer insight into the relationships between the various sectors of the economy. Other data sources are required. Michigan combined survey results with a national database of skill requirements by occupation; the Hydrogen Economy study used a standard input-output programme (IMPLAN) to assess the interactions among industrial sectors.
Standard data sets and tools can be compiled to approximate and augment information obtained through surveys and other sources. These tools include:
1. National input-output tables to show the linkages among industries and the impact up the value chain of greater demand in any final-use sector.
2. Local input-output multipliers to estimate how much a one-time or sustained increase in economic activity in a particular region will be supplied by industries located in the region.
3. Industry-employment tables to estimate employment of each industry 4. Industry-occupation tables to identify the occupations employed by each industry 5. Occupation-skills tables to estimate the set of skills required by each occupation (e.g. O*Net).
One can see from this list of tools how the tools can be used to start with a specific product or sector of the economy, use the input-output table to relate that sector to others, relate the product sector to employment in that sector (through the industry-employment matrix), use the industry-occupation matrix to describe occupations associated with that product/sector, and then relate the occupation to skills. Local input-output multipliers can be used to focus on local impacts of green economy activities.
Conclusion
The response of government policy and market forces to climate change concerns present opportunities and challenges for nations and localities. Effective local green strategies require the ability to define and measure green jobs and products/services, to identify factors that will affect their size and growth, and to quantify their impact on the rest of the economy. This paper offers a conceptual framework to help understand the complexities of the relationship between green economy activities and the rest of the economy. Examples of studies that consider these issues are described in the paper, and tools are suggested that can help policy makers and others better understand the impact of a transformation to a greener economy on their regions and on those businesses and workers who reside there.
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